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Sigma-Delta 调制器，文中采用了级联 2-1-1 结构，前两级用一位量化器，在 后
一级采用 4 位量化器。讨论了调制器中时钟抖动、热噪声、运放有限直流增益等
非理想因素对调制器性能的影响。考虑了 后一级反馈回路中多位 DAC 失配引




系统电路进行设计、仿真。设计采用 chartered 0.35um 工艺，采用全差分开关电
容电路，采样时钟为 35.2MHz，过采样率为 16，电源电压为 3.3V，仿真结果显
示，调制器的 SNR 达到 80.7dB，有效位数为 13.13bit。 





































Analog to Digital Converter (ADC) has been widely used in a variety of signal 
processing techniques. Traditional Nyquist converter needs so high performance of 
elements matching that it is difficult to achieve high resolution and integration level. 
While Sigma-Delta converter based on oversampling and noise-shaping technology 
overcomes these drawbacks. 
In this paper, the basic theory of Sigma-Delta modulator is introduced at first. 
Detailed analysis has focused on the principle of noise-shaping of the quantization 
noise. It is concluded that the modulator can achieve a high resolution with a wide 
bandwidth using high-order noise shaping. The structures and the pros and cons of 
high-order Sigma-Delta modulator are discussed. According to calculation and 
comparison of different structures of the modulator, in order to reach wide-band and 
high performance at low oversampling ratio, a 2-1-1 cascaded sigma delta modulator 
with a single-bit quantizer in the two first stages and a 4-bit quantizer in the final 
stage is developed. Non-ideal factors such as clock jitter, thermal noise, amplifier 
finite DC gain are concerned. To reduce sensitivity of digital-to-analog converter 
(DAC) nonlinearities caused by the element mismatch in the feedback of the last stage, 
date weighted averaging (DWA) is introduced. To obtain the suitable parameters, the 
system models of the modulator are simulated by Matlab/Simulink. The system circuit 
and each module circuit, such as Switch-Capacitor Integrator circuit, OP amplifier 
circuit, comparator, quantizer and non-overlapped clock circuit are designed and 
simulated using Cadence. The modulator is implemented with fully differential 
switch-capacitor circuits. All design is based on chartered 0.35um process. Simulation 
shows that the modulator which operating from 3.3V power supply, oversampling 
clock of 35.2MHz, oversampling ratio of 16, achieves SNR of 80.7dB, ENOB of 
13.13bit. 
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